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Interface integrated circuit device for a USB connection 



The invention relates to an interface integrated circuit device for interfacing a 
USB connection to a further circuit 

USB is a popular bus for interfacing peripheral apparatuses to a PC (Personal 
Computer). USB terminology defines 25)paratuses either as "host" or as "device". In a USB 
5 bus system one of the apparatuses (normally the PC) functions as "host" and the other 
£^paratuses functions as "device". Communication is routed between the apparatus that 
functions as host and one of the apparatuses that simultaneously function as device. The 
apparatus that functions as host controls which apparatuses communicate and when. 

In the implementation of USB apparatuses with integrated circixits a number of 
10 approaches have traditionally been followed. In one approach both the functional circuit of 
the apparatus (which performs some function that is available via the bus, e.g. a digital 
camera function) and the USB interface are completely integrated in the same integrated 
circuit. 

In a second implementation approach a functional circuit is augmented with a 
15 separate integrated circuit that is used as USB controller. In this approach the USB controller 
handles the entire USB protocol and the functional circuit interfaces to the USB controller 
integrated circuit via some standard intra-apparatus interface, such as a memory mapped 
interface that uses parallel address and data lines. This second approach has the advantage 
that the controllers can be efficiently mass-manufactured for use with different functional 
20 circuits. 

In a third implementation approach, a separate transceiver integrated circuit is 
used. In this approach most of the USB controller function is integrated with the functional 
circuits, and only the analog signal handling required for USB commimication is handled by 
the transceiver integrated circuit (as used here the word "analog" refers to signal aspects that 
25 caimot be fully described by assuming that the signals represent either the number one or the 
number zero). In this third approach the most signal critical aspects of USB communication 
are handled by the transceiver. This reduces the severity of the signal handling requirements 
that must be imposed on the integrated circuit that contains the functional circuits and the 
controller; Thus, a standard digital circuit can be used for that integrated circuit. 
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In recent times apparatuses have been developed that can function both as 
USB host and as USB device. For example, a digital camera with such a capability may be 
used both as a device that functions as peripheral to a PC and as a host that can interface to a 
printer with a USB device interface. 

The known implementation ^proaches for conventional USB apparatuses that 
have been mentioned hereinabove have also been appUed to such host/device apparatuses. 
Specifically in the third approach the transceiver integrated circuit has been expanded to 
become a so-called OTG (On The Go) transceiver that has a USB interface, a host controller 
interface and a slave controller interface for connection to host and device controllers 
respectively. With such a transceiver the USB connection can be interfaced to conventional 
host and device controllers to control sequencing of USB communication. 

In the second approach tibie host and device controllers have been integrated 
with the transceiver circuit, the integrated circuit providing an intra-apparatus standard 
interface for connection to functional circuits. Thus the integrated circuit controls sequencing 
of USB communication during both host and device operation. Existing functional circuits 
which are not specific to USB can be readily interfaced to a USB system via the standard 
interface (e.g. memory mapped) to make an apparatus function selectably as host or as 
device. In the first approach, finally, integrated circuits can be specifically designed to 
include both the transceiver, the host controller, the device controller and the functional 
circuits in an apparatus that can function both as host and as device. 

All these approaches have the disadvantage that they fail to fully exploit the 
availability of existing integrated circuits that provide a USB device controller, but not a 
USB host controller. 

Among others, it is an object of the invention to provide USB apparatuses that 
are capable of functioning both as host and as device and that more fiilly use existing circuits 
that provide a USB device controller. 

Among others, it is another object of the invention to provide an interface 
integrated circuit that enables existing circuits with a USB device capability to function both 
as a USB device and as a USB host. 

The invention provides an integrated circuit according to Claim 1. This 
integrated circuit includes a transceiver circuit and a USB host controller with a standard 
interface for use inside an apparatus, but with a connection for an external USB device 
controller. That is, for the host function the integrated circuit acts as a complete USB 
interface, whereas for the device function it provides for mere tiBnsceiver functionality 



wo 2004/029814 PCT/IB2003/004018 

3 

between its external terminals. Thus, functional circuits with built-in device controller and a 
standard intra-apparatus bus can be interfaced to a USB bus via the integrated circuit both as 
host and as device. The integrated circuit supports the novel architectural concept in which 
two access paths from a functional circuit to the USB connection exist, i.e. a first path that 

5 passes only USB device compatible signals and a second path, parallel to the first path, that 
provides a non-USB standard interface for generating USB host compatible signals. 

In an embodiment the device interface that is connected to the extemal 
terminals of the integrated circuit is composed of at least two interfaces, comprising an 
extemal analog interface (in the sense that a USB transceiver is needed between this interface 

1 0 and the device controller and a digital interface (in the sense that no transceiver is needed 
between this interface and the device controller). Thus, the integrated circuit supports both 
existing circuits with and without built-in transceiver to a device controller. 

These and other advantageous aspects of the integrated circuit according to the 
invention will be described in more detail using the following figures. 

15 



Fig. 1 schematically shows an integrated circuit according to the invention. 

Fig. 2 shows a USB system, 

Fig. 3 shows a further USB system. 



Fig. 1 schematically shows an interface integrated circuit 10 with a USB 
connection D+, D-, Vbus, a memory nu^ped interface 160 and USB device controller 
interfaces 140, 142, 144 coupled to extemal terminals of interface integrated circuit 10. 

25 Furthermore, although not shown, interface integrated circuit 10 preferably has power supply 
connections, a reset connection and an input for generating clock signals. 

Interface integrated circuit 10 contains a USB host controller 12, an OTG USB 
transceiver 14, a CPU bus interface unit 16 and OTG ("On The Go") control circuitry 1 8. The 
data lines D+, D- of the USB connection are coupled to transceiver 14. OTG control circuitry 

30 18 is coupled between USB host controller 12 and transceiver 14. OTG control circuitry 18 
contains a charge pump circuit (not shown) coupled to USB line Vbus, and an input coupled 
to OTG-USB line ID. Furthermore OTG control circuitry 18 contains registers for storing 
status information and control bits for executing the OTG-USB host negotiation protocol and 
flie USB session request protocol. USB host controller 12 is coupled to memory m^ped 
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interface 160 via CPU bus interface imit 16, Transceiver 14 is coupled to USB device 
controller interfaces 140, 142, 144. 

Interface integrated circuit 10 contains a clock circuit 120 and a buffer 
memory circuit coupled to USB host controller 12. Memory mapped bus interface 160 

5 contains parallel bi-directional data lines 163, address lines 164, read/write control lines 165, 
166 and an interrupt line 168 coupled to external terminals of interface integrated circuit 10 
and CPU bus interface unit 16. 

Interface integrated circuit 10 provides an interface to a USB connection ttiat 
may be used alternately for providing USB host functionality and USB device functionality 

10 at the USB connection D+, D-, Vbus. The ID line is used to signal to interface integrated 

circuit 10 whether operation as USB Host is required or operation as USB device is required. 
When operation as USB host is required, interface integrated circuit 10 uses intemal USB 
host controller 12 to control USB communication. When operation as USB device is 
required, interface integrated circuit 10 routes USB communication, preferably after some 

15 signal processing, to USB device controller iaterfaces 140, 142, 144 leaving USB control to 
circuits (not shown) outside interface integrated circxiit 10. 

Fig. 2 shows a USB system in which device functionality is provided. The 
USB system contains a first apparatus 22 (e.g. a digital camera) that functions as a USB 
device, and a second apparatus 24 (e.g. a PC) that functions as a USB host device. First 

20 apparatus 22 contains interface integrated circuit 10, which is shown in Fig. 1, and a 

functional integrated circuit 20. Second apparatus 24 has a number of USB ports 26a-c (only 
a single line being shown to symbolize coimection to each port 26a-c for the sake of clarity), 
one of which, here 26a, is coupled to first apparatus 22 via the USB connection of interface 
integrated circuit 10. The other ports 26b-c may be coupled to other apparatuses (not shown). 

25 Functional integrated circuit 20 contains a CPU 200, a USB device controller 

202 and functional circuit 204 for performing some function (such as sampling and/or storing 
pixel values of camera images). USB device controller 202 is coupled between CPU 200 and 
the USB device interface of interface integrated circuit 10. Functional circuit 204 is also 
coupled to CPU 200. CPU 200 is coupled to memory mapped interface 160, Within the 

30 functional integrated circuit, memory mapped interface 160 may be coupled to other imits, 
such as an instruction memory (not shown), a data memory (not shown), functional circuit 
204 and device controller 202 etc. 

One important aspect of the invention is tiiat functional integrated circuit 20 
may be an integrated circuit designed to function as a conventional USB device, i.e. not as an 
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OTG apparatus that can be both USB host and USB device. By connecting this functional 
integrated circuit 20 to a USB connection via interface integrated circuit 10 such a 
conventional functional integrated circuit can be used in an apparatus 22 that supports OTG, 
i.e. that can function both as USB host and as USB device. In Fig. 2 functioning as USB 
5 device is illustrated. 

In operation, second apparatus 24 functions as a USB host, selecting via which 
of the ports 26a-c USB communication should take place and controlling whe&er and in 
which direction first apparatus 22 receives or transmits data. Transceiver 14 is a conventional 
USB-OTG transceiver (USB On The Go), which is known per se and which receives and 

10 transmits USB signals between device controller 202 and second apparatus 24. Transceiver 
14 in interfjBUje integrated circuit 10 handles "analog" signal processing of the USB signals, 
such as analog detection of the presence of the host (second apparatus 24), sampling 
conversion between differential signals on data lines D+, D- into single ended digital signals 
etc., as well as conversion of single ended signals from device controller 202 into USB 

15 signals upon transmission to host apparatus 24. An example of a combination of signal lines 
that may be used for communication between transceiver 14 and USB device controller 202 
is: 

OE_Tp_Int_N 
VM 

20 VP 
RCV 
SEO_VM 
DAT^VP 

The VM and VP lines (which are output lines from interface integrated circuit) 
25 reflect single ended values of the D- and D+ lines of the USB connection. These signal lines 
may be controlled to operate in a selected one of a number of modes, under the control of the 
content of a mode selection register (not shown) in interface integrated circuit 10. The modes 
included differential USB signaling modes (VP_VM) and single ended signaling modes 
(DAT_SE), and imidirectional bi-directional modes. In a first mode (DAT_SEO), the 
30 DAT_VP, SEO_VM lines are used as follows. 

The D AT_VP line is used to send single ended data to the transceiver, (when 
OE_TP_INT__N = low), or to receive single ended data from the transceiver, (when 
OE_TP_DSrrjSr = high). 
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The SEO_VM pin is used to either force the D+A outputs of the transceiver to 
the single ended zero (SEO) state, (when OE_TP_INT_N = low), or to indicate that the D+A 
lines are both logic low, (when OE_TP__INT_N = high). 

In a second mode (VP_VM), the DAT_VP, SEO_VM and RCV pins are used as follows. 

5 - The DAT_VP pin is used to drive the level of the D+ pin, (when 

OE_TP_INT_N = low), or to indicate the logic level on the D+ pm, (OE_TP_INT_N = high). 

The SEO_VM pin is used to drive the level of the D- pin, (when OE_TP_INT/ 
= low), or to indicate ttie logic level on the D- pin, (when OEJTP^INT/ = high). 

The RCV pin is always an output, and comes from a difTerential receiver (not 

1 0 shown) in the transceiver circuit. 

In the unidirectional modes DAT_VP and SEO_VM always are inputs of 
interface integrated circuit 10. In the bi-directional modes the direction of these signals (input 
or output) depends on the value of OE_TP_INT JST (as described for the first and second 
mode). In addition a UART (Universal Asynchronous Receiver/Transmitter) interface mode 

15 may be used, in which DAT_VP and SEOJVP are used as receive (RXD) line and transmit 
Une (TXD) line respectively. 

In functional integrated circuit 20, device controller 202, which is a 
conventional USB device controller, processes these signals and commimicates with CPU 
200 in order to communicate data and or commands from host apparatus 24 or to obtain data 

20 that has to be sent to host apparatus 24. The connection between frmctional integrated circuit 
20 and interface integrated circuit 10 via memory mapped interface 1 60 need not be used 
during operation as device apparatus. All communication for the USB connection passes via 
device controller 202 through device controller interface 140 in this case. 

Fig. 3 shows how first apparatus 22 may be used as USB host. In this case the 

25 USB connection of interface integrated circuit 10 is coupled to a USB interface 32 of a third 
apparatus 30 that fimctions as USB device. In this case CPU 200 in fimctional integrated 
circuit 20 writes or reads information to or from host controller 12 via memory mapped 
interface 160, when a computer program executed by CPU 200 indicates that data or 
commands have to be written or read. Host controller 12, OTG USB transceiver 14 and OTG 

30 ("On The Go") control circuitry 18 communicate data and commands via the USB coimection 
of interface integrated circuit 10 as a USB host. This may be done in a way that is known per 
se. Host controller 12 controls scheduling. OTG control circuitry 18 activates the charge 
pump and supplies supply power to the Vbus line of the USB connection of the interfece 
integrated circuit (substantially no such power is supplied when operating as USB device). 
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When operating as USB host, device controller interface 140 need not be used. All 
information for communication via the USB connection passes between functional integrated 
circuit 20 and interface integrated circuit 10 via memory mapped interface 160. 

It will now be appreciated that, the interface integrated circuit reaUzes a hybrid 
5 interface, with a controller function for part of the possible conamunication and merely a 

transceiver function for another part of the possible communication (as USB host and as USB 
device respectively). Furthermore, for USB communication from one USB coimection at 
least two interfaces between interface integrated circuit 10 and functional integrated circuit 
20 are provided, i.e. one dedicated interface to USB device controller 202 in functional 

10 integrated circuit 20 and one general piupose interface 160. Thus, it has been made possible 
to use a functional integrated circuit 20 alternatively as USB host and as USB device, 
although the functional integrated circuit has originally been designed to act merely as a USB 
device and not as a USB host. No additional device controller is needed in interface 
integrated circuit 10, which reduces the amount of silicon area needed in interface integrated 

15 circuit 10. 

As shown in Fig, 1, interface integrated circuit 10 is preferably also provided 
with a third interface 142, 144 that comprises analog USB signal lines 142, 144 (like D+ and 
D- that enable interfacing to a functional integrated circuit with a device controller that is 
integrated with a USB transceiver). The USB transceiver 14 of interface integrated circuit 10 
20 passes analog signals from USB connection D+, D- to this interface 142, 144 in the case of 
operation as device. Thus, interface integrated circuit 10 provides for the use of different 
types of functional integrated circuits, with and without built-in transceiver for their device 
controller. 

Although all functional circuits are preferably integrated in functional 
25 integrated circuit 20, as shown, it should be imderstood that, without deviating from the 

invention, interface integrated circuit 10 may be used in combination with functional circuits 
that are distributed over a greater number of integrated circuits, and that the functional 
circuits may in fact contain discrete components. Also, the function of device controller 202 
may be partly or entirely performed by CPU 200. In this case CPU 200 communicates USB 
30 information either via parallel interface 160 or via dedicated USB interface 140, or 142, 144 
dependent on the mode of operation (host or device). 

It should be noted that interface integrated circuit 10 permits the hybrid use of 
modes with different speeds. USB communication can occur, amongst others, in the so-called 
fidl-speed mode and in the so-called high speed mode (the latter being faster). Operation in a 
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given mode requires a host apparatus and a device apparatus that both support operation at 
the speed of the relevant mode. Interface integrated circuit 10 may be designed to operate as 
a host in a selectable one of different speed modes, under the control of the functional 
circuits, and as a device in a mode selected by device controller 202. Thus, the speed during 
5 operation as device and host, respectively, can be selected independently of one another. 



